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broadly, to the invention defined m claim 19. Claims 37-46 correspond to claims 20-29. Claim 47 
IS an alternative to generic claim 36. as explained below. 

The objection to the specification is noted. Ho\\ever. section headings are not reqiured. 
With respect to the remainder of the objection, the specification is amended, hereby, to correct the 
noted clerical eiTor. The requisite marked up version of the amendment is attached, hereto. 

The objection to claim 23 and the rejection of claim 23 under 35 USC 1 12, 12, are overcome 
bv claim 40 replacing claim 23, hereby. 

The rejection of claim 1 8 under 35 USC 1 1 2, '2, is overcome by claim 36 replacing claim 1 8, 
hereby. That is, claim 36 recites the active method step "administering systemically or locally to a 
body in need thereof." 

Claims were rejected un der 35 USC 112, 1 for allegedly lacking enablement. 

Reconsideration is requested. 

Applicants incorporate herein by reference their remarks addressing the § 1 1 2, II 1 , rejection 

set forth in their Amendment filed March 8, 2001. 

Moreover, applicants submit amending claim 18 - as claim 36 - concerning the exchange 
of neuronal regeneration to axonal regeneration renders moot the rejection under §112, ^11. 
Moreover, reciting "improvement of the CNS after axonal regeneration" further overcomes the 
rejection. Additionally, alternative generic claim 47 recites "enhancement of axonal regeneration,' 
for which enablement exists according to the statement of rejection. 

Claims were rejected under 35 USC 102(b) for alleged anticipation based on each of Logan 
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and Grumet. Claims were rejected under 35 L SC 103(a) based on the teachings otTogan m view 
of White. Krause. and Kivirikko. Reconsideration is respectfully requested. 

Applicants mcoiporale herein by reference their remarks addressing the 1 02(b )and 1 03( a) 
rejections set forth in their Amendment filed March S. 2001. 

With regard to the use to TGF-P the group having published the respective paper indicated 
that the use of TGF-(3 does not give any regeneration. WO 93 19783 discloses pre\ ention of a 
deleterious accumulation of extracellular matrix by contacting the tissue with an agent that inhibits 
the extracellular matrix producing activity of transfomiing growth factor-(3 (TGF-p). The above 
methods can be used to prevent, suppress or treat scar fomiation m the CNS. Neutralizing anti-TGF- 
(3-antibodies are considered as useful agents in these methods. 

However, in the light of the recent publication by Moon and Fawcett (2001 ) (copy attached) 
It has been confimied that, in contrast to the present invention, treatment of the injured rat brain by 
neutralizing anti-TGF-p-antibodies does not improve axon regeneration. The obserx ation by Moon 
and Fawcett (2001 ) that neutralization of TGF-P reduces astrocytic scar but has no improxing effect 
on axon regeneration can be explained by the broad spectrum of physiological effects of TGF-p. 
Among these are veiy beneficial effects of TGF-p such as reducing neuronal cell loss after brain 
injury (Hughes et al., 1 999. copy attached) and promoting re-elongation of injured CNS axons (Abe 
et al.. 1996, copy attached). Therefore, neutralization of TGF-p in CNS lesions at the same time 
eliminates the beneficial growth-supporting physiological effects of the growth factor. Thus, it is 
not suiprising that this treatment does not promote regeneration. Scientific evidence rather indicates 
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that ncuiralizalionor 



,„,„l,i,ion oriGF-l) as described i„ WO 1 97S.^ ,s cou„.c,T,rod>,c,n c .o CNS 



reueneralion. 

,„ con.,as, .0 WO 93 .9783 ,hc prcsculy ch„mcd .nve„uo„ rCa.cd ,o a ,.c.hod .ha, d.rec.ly 
,,c.s ,„c co„a,e„ b,osv,«i,es,s ,o ,„h,„n basc,„e,« mc„*,a„e fo,™a„o„ „cav,„g TGF-|, 
„„,r„„ed,, A„p„ca.,o„ of >lK. prcsem ,„vc„uo„ dear,, ,„o„,o,cs axo„ rc.ccauon 

Favorable Action is requested. 

Respectfully submitted. 
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Marked Lp Version of Amendments 



Please substitute the tblloxMng paragraph for page 12. paragraph 2. 

-Electrophysiology and biocytin injections. Sagittal slices of 400 [m] um 
ihickness were cut on a ^•,bratome and maintained at 34-35 =C in an interface-type 
recording chamber. Artificial cerebrospinal fluid (ACSF) consisted of (in mM) 124 
NaCl. 3 KCl, 1.25 NaH2P04, 1.8 MgS04. 1.6 CaC12, 26 NaHC03 and 10 glucose 
with a pH of 7.4 wiien saturated with 95% 0, - 5% CO, Stimuli of 100 ^is, 5-20 V 
were delivered via a bipolar tungsten electrode. Extracellular action potentials were 
registered with a recording electrode (3-5 MW) located in the middle of the 
postcommissural fornix. Tetrodotoxin (TTX, Sigma) was applied locally in a 
concentration of 10 (dissolved in ACSF) with a broken micropipette placed on 
the slice surface near the recording site. Injections of a small biocytin (Sigma) cwstal 
into the fornix were performed with a miniature needle. After an incubation period 
of 8-10 h in the interface chamber, slices were fixed in 4 % parafonnaldehyde, 
resectioned and reacted with ABC peroxidase reagent (Vector Labs). - 
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Abstract 

Transtormma growth lactor-/3l (TGF-/3 1) .s highly expressed ,n neural tissues following brain injunes. To determine 
T0F-/3 1 in neu;arpatholo.,es, axons of cultured rat hippocampal neurons were cut by local irradiation ot laser beam, and the e c o 
TGpi 1 on neunte regeneration following axotomy was investigated. The axonal growth was stopped by laser irradiation, ut add t on ot 
TGfJ remarkabK ."romoted the axonal re-elongat,on from the injured site. The effect of TGF-/3 1 was concentration ^epende t and 
leen maximally at a concentration of 1 ng/ml. These results suggest that TGF-/3 1 has a capability of promoting axonal regeneration of 
brain neurons after lesioning. 

Ke^■^^'ord^: Transforming growm rac[or^3 1 . Neurue regeneration: Cultured hippocampal neuron 



Transforming growth factor-/3 (TGF-/3) is a muitifunc- 
tional regulatory peptide produced by a vanety of normal 
and transformed cell in vitro and in vivo [14.22]. It was 
first characterized as promoting the anchorage-independent 
growth of fibroblast [4], but has also been reported to 
Regulate embi^'Ogenesis [7,19], formation of extracellular 
matrix [2] and growth and differentiation of many types of 
cells [23]. The family of TGF-/3s at present composes five 
distinct but highly homologous isoforms, and only TGF- 
^1. -/3 2 and -^3 are found in mammals [16,25]. 

TGF-/3 1 is not expressed at significant levels in normal 
neural tissues, but seen at high levels under pathological 
conditions. For example, immunoreactive TGF-/3 1 is seen 
in macrophages and astrocytes within neural tissue m- 
fected with HIV-1 [24]. After mechanical lesioning 
[10,13,18,24] and hypoxic ischemia [9], TGF-^S 1 is rapidly 
and transiently expressed within local damaged neural 
tissue. These in vivo observations suggest a role of TGF-^ 1 
;n brain pathologies. The effect of TGF-/3 1 on cultured 
brain neurons has been very little studied, but we have 
recently found that TGF-^ i promotes neunte sprouting 
and elongation of cultured rat hippocampal neurons [8]. 
Whether or not TGF-/3 1 exerts the growih-promoung ef- 
fect on damaged neurons is an important subject to clanfy 
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a role of TGF-/3 1 in neural pathologies. We have recently 
developed a simple assay system in which the growth cone 
of the axon of cultured neurons was injured by local 
irradiation of laser beam and the effects of reagents were 
evaluated for axonal re-elongation or other morphological 
changes in the partially damaged neurons [3.17]. By using 
this assay system, in the present study, we mvestigated the 
effect of TGF-/31 on neunte regeneration of injured brain 
neurons in vitro. 

We used the ACAS 470 Work Station (Mendian) to 
memonze the cell position on the microscope stage and to 
deliver Argon laser beam (488 nm) [3]. Dissociated hip- 
pocampal neurons were prepared from 18-day-old embryos 
of Wistar rats as descnbed in our previous paper [l] and 
plated on polylysine-coated culture dish at a density of 
2500 cells/cm-. The culture dish was prepared from a 
35-mm Petn dish by attaching a special glass coversiip to 
the inner surface with silicone grease [3]. The special glass 
covershp was sealed with a film that absorbs laser beam 
and converts laser beam to heat. When laser beam was 
irradiated, the neuntes were virtually damaged by heat. 
After incubation in serum-containing medium for 24 h, the 
medium was changed to senam-free modified Eagle s 
medium [3] and the cells were cultured for a further 24 h. 
During this preliminary culture penod, hippocampal neu- 
rons acquired their stereotypical morphology with one long 
process and several short processes. By morphological and 
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imiT.unocvioiogicai cntena, [he !ong process and >e\eral 
shon :?rocesses have been identified as axon and dendnte^, 
respecavely [5,15]. The term 'neunte' is used to include 
both xxons and dendrites. The hippocampal pyramidal 
neurons that had established axons and dendntes were 
selected, and the laser beam (output 40 mW, acoust-optic- 
modulator 35^c, 1 s) was delivered to the axonal growth 
cone. This moderate condition of laser irradiation did not 
significantly affect the sur\'ival of neurons [3]. The cells 
were photographed immediately after laser irradiation, and 
then TGF-^ 1 was added to the culture medium. The same 
cells were photographed 24 and 48 h after addition of 
TGF-3 1. Measurement of morphological parameters was 
made by tracing the photographs on a digitizing tablet. 

TGF-/3 1 from human platelets (Wako Pure Chemical 
Indusmes, Osaka, Japan) was reconstituted in 20 fil of 0.1 
M acetate and then diluted to a concentration of 1.5 
^g/ml in Ca-*- and Mg-*-free phosphate-buffered sahne 
supplemented with 1 mg/ml bovine serum albumin. It was 
further diluted to desired concentrations b> adding the 
culture medium immediately before application in cell 
cultures. In preliminary expenments, bovine serum albu- 
min alone showed no significant effect on neuronal sur- 
vival and morphology at concentrations up to 10 ^cg/ml. 

First, the influence of laser irradiation was checked in 
control cultures. Following laser irradiation, the axonal 
elongation ceased, but there were no changes in the growth 
of branches at proximal part of axon, the number of 
neuctes per soma and the dendritic growth (.Fig. lA), 
consistent with our previous observation [3]. 

Next the effects of TGF-/3 1 on the morphological 
chanees following axonal lesioning were investigated. 



Smce the distance of the injured site from the ioma ma> 
mtluence the regenerative response of neur'.^ns ^6;, we 
contlrmed that the xxon length from the soma to the 
mjured site was not significantly different among the 
tested groups (Fig. 2 A). Fig. IB shows micrographs of a 
representative neuron cultured in the presence of 1 ng/ml 
TGF-/31. The results of quantitative analyses in many 
neurons are shown in Fig. 2B-H. TGF-5 1 greatlv pro- 
moted the re-elongation of axons from the injured site 
(Fig. 2B and C). No significant change in branch points m 
regenerated axons (Fig. 2D) means that injured axons 
extended without bifurcating. We have previously ob- 
served that basic tlbroblast growth factor (bFGF) promotes 
the branching of proximal pan of injured axon [3]. How- 
ever. TGF-/31, unlike bFGF. did not affect the branching 
m proximal part of injured axons (Fig. 2E and F). The 
number of pnmary neuntes emanating from the soma (Fig. 
2G) and total lengdi of uninjured dendntes (Fig. 2H) were 
not affected by TGF-/31. The axonal regeneration-promo- 
ting effect of TGF-^ 1 was seen maximally at 1 ng/ml, 
but declined at a higher concentration (10 ng/'ml). 

The mam finding in the present study is that TGF-/3 I is 
very effective in promoting re -elongation of cut axons ot 
cultured brain neurons. Since the moderate condition of 
laser irradiation employed m the present study does not 
affect the neuronal survival and since TGF-/3 1 has little 
effect on the survival of cultured rat hippocampal neurons 
[8], the promotion of axonal regenerauon by TGF-/3 1 is 
independent of neuronal survival and probably reflects its 
direct acdon on growth-regulating mechanisms. Further- 
more, the re-elongation of injured axons of neurons which 
once srew and differentiated in culmre is different from 
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Fig. 1 Representative photomicrographs showing cultured rat hippocampal neurons immediately following axotomy (0 h) and 48 h after a;(Otomy in ^.he 
control medium (A) or in the medium with added I ng/'ml 1 IB). Arrows indicate the sites injured by laser irradiation. 
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the initial phase of growth of dissociated neurons in nor- 
mal culture conditions. For example, interleukin-2 pro- 
motes neunte elongation of cultured rat hippocampal neu- 
rons [21] but does not affect the re-elongation of cut axons 
[our unpublished observation]. Therefore, the present result 
suggests that TGF-/3 1 has a capability of promoting axonal 
regeneration of brain neurons after lesioning. 

The reason why the regeneration-promoting effect of 
TGF-/31 declined at a higher concentration (10 ng/ml) is 
not clear, but some possibilities can be considered: (1) an 
unknown inhibitory compound may be present as a minor 
contaminant in the preparation; (2) TGF-/3 may have not 
only stimulatory but also inhibitory effects; (3) TGF-/3 
receptor or TGF-/3-stimulated signal transduction mecha- 



nisms may be down-regulated by exposure to a high 
concentration of TG¥-f3 1 . 

It has been reported that, within damaged neural tissue, 
TGF-/3 1 plays a primary role in the mesodermal scar 
formation by activating invasion of macrophages and fi- 
broblasts [20]. The scar formation after brain injury is 
necessary but paradoxically not helpful to the reconnection 
of neural pathways. Since physical bamer of scar matenal 
produced by TGF-^ 1 possibly limits regeneration of dam- 
aged axons, several groups have tried to test neutralizmg 
anubodies to TGF-/3 1 to inhibit scar formation and pro- 
mote neuronal regeneration [11]. However, neural regener- 
ation was not enhanced in scar-inhibited wounds [12]. We 
found in the present study that TGF-;3 1 promotes axonal 
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rezeneriiiion Cif camaged neurons. The failure of the preM- 
o^^s therare'jnc :nals with TGF-3 1 antibodies may be due 
:o :hat :he antibodies inhibit not only scar formation but 
a:>o neuronal regeneration supported by TGF-/3 1. It is 
necessar\- :o distinguish cellular mechanisms underlying 
TGF-/3 1 -mediated scar foniiation and neuronal regenera- 
tion. 

In conclusion, we have shov^n for the first time that 
TGF-p' 1 has a capability of promoting the axonal re-elon- 
g:.:ion of injured brain neurons. It is possible that TGF-/3 i 
expressed m injured neural tissue after lesionmg or is- 
cr.emia :9.10.13.1S] play a role m promoting neural regen- 
eration and reconnection of neural networks. 
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_J1: Prog Neurobiol 1999 Feb:57(4):421-50 Related Anicles Books. LmkOut 

Activity and injur>-dependent expression of inducible 
transcription factors, growth factors and apoptosis-related 
genes within the central nervous system. 

Hughes PE, Alexi T, Walton M, Wilhams CE, Dragunow M, Clark RG, 
Gluckman PD. 

Department of Pharmacology and Clinical Pharmacology and Research Centre 
for Developmental Medicine and Biology, School of Medicine, The 
University of Auckland, New Zealand. p.hughes'^;^uckland.ac.nz 

This review primarily discusses work that has been performed m our 
laboratories and that of our direct collaborators and therefore does not 
represent an exhaustive review of the current literature. Our aim is to further 
discuss the role that gene expression plays in neuronal plasticity and 
pathology. In the first part of this review we examine activity-dependent 
changes in the expression of inducible transcription factors ( ITFs) and 
neurotrophins with long-term potentiation (LTP) and kindling. This work has 
identified particular ITFs (Krox-20 and Krox-24;) and neurotrophin systems 
( particularly the brain-derived neurotrophic factor (BDNF)/tyrosine receptor 
kinase-B, Trk-B system) that may be involved in stabilizing long-lasting LTP 
( i.e. LTP3). We also show that changes in the expression of other ITFs (Fos, 
Jun-D and Krox-20) and the BDNF/trkB neurotrophin system may play a 
central role in the development of hippocampal kindling, an animal model of 
human temporal lobe epilepsy. In the next part of this review we examine 
changes in gene expression after neuronal injuries ( ischemia, prolonged 
seizure activity and focal brain injury) and after nerve transection (axotomy). 
We identify apoptosis-related genes (p53, c-Jun, Bax) whose delayed 
expression selectively increases in degenerating neurons, further suggesting 
that some forms of neuronal death may involve apoptosis. Moreover, since 
overexpression of the tumour-suppressor gene p53 induces apoptosis in a 
wide variety of dividing cell types we speculate that it may perform the same 
function in post-mitotic neurons following brain injuries. Additionally, we 
show that neuronal injury is associated with rapid, transient, 
activity-dependent expression of neurotrophins ( BDNT and activinA) in 
neurons, contrasting with a delayed and more persistent injury-induced 
expression of certain growth factors (IGF-1 and TGFbeta) in glia. In this 
section we also describe results linking ITFs and neurotrophic factor 
expression. Firstly, we show that while BDNF and trkB are induced as 
immediate-early genes followmg injury, the injury-induced expression of - 
activinA and trkC may be regulated by ITFs. We also discuss whether loss of 
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rcirograde transpon of neurotrophic factors such as nen'c growth factor 
foHowing ner\'e transection triggers the selecti\'e and prolonged expression of 
c-Jun in axotomized neurons and whether c-Jun is responsible for 
regeneration or degeneration of these axotomized neurons. In the last section 
we further examine the role that gene expression may play in memor\* 
formation, epileptogenesis and neuronal degeneration, lastly speculating 
whether the expression of vanous grouth factors after brain injury represents 
an endogenous neuroprotecti\ e response of the brain to injur\'. Here we 
discuss our results which show that pharmacological enhancement of this 
response with exogenous application of IGF- 1 or TGF-beta reduces neuronal 
loss after brain injury. 
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Abstract 

In this study we investigated whether CNS axons regenerate following attenuation of scar formation using a combination of 
antibodies against two isoforms of transforming growth factor beta (TGFP). Anaesthetized adult rats were given unilateral 
mechanical lesions of the nigrostriatal tract. Implantation of transcranial cannulae allowed wounds to be treated with a 
combination of antibodies against TGFPi and TGFp2 once daily for 10 days postaxotomy. Eleven days post-transection brains 
from animals under terminal anaesthesia were recovered for histological evaluation. Gliosis, inflammation and the response of 
dopaminergic nigral axons were assessed by immunolabelling. Treatment with antibodies against TGPPi and TGFP2 attenuated 
(but did not abolish) the response of glial fibnllary acidic protein (GFAP)-immunoreactive astrocytes and of NG2-immunoreactive 
glia but did not attenuate the response of CR3-immunoreactive microglia and macrophages. However, this reduction in scar 
formation was not accompanied by growth of cut dopaminergic nigral axons. We conclude that treatment of injured adult rat brain 
with a combination of antibodies against TGFpi and JGF^z results in a reduction of scar formation but that this is not sufficient to 
enhance spontaneous long distance CNS axon regeneration 



Introduction 

Following CNS injury, adult nnammalian neurons do not regenerate 
axons through regions of scar formation (Brecknell & Fawcett, 1996). 
It is, therefore, important to determine whether attenuatmg scar 
fonnation might enhance CNS a.xon regeneration. Scar format:on is 
regulated in part by different isoforms of transforming growth factor 
beta (TGFP) (Logan & Berry, 1993; McCartney-Francis & Wahl, 
1994; Kneglstein et aL, 1995; Raivich et al., 1999). In panicular, 
following cortical stab injury in aduh rats, whereas intravenmcular 
infusion of TGFpi potentiates aspects of scar formation, chronic 
mtraventncular infusion of antagonists to different isoforms of TGFP 
reduces several cellular and molecular components of scar formation, 
leading to reduced astrocytosis and attenuated deposition of laminin 
and fibronectin. This has been shown using antibodies to TGFPi 
(Logan et al,, 1994), or antibodies to TGFj32 (Logan et al., 1999b), or 
a nonspecific TGF(3 antagonist (the chondroitin sulphate proteogly- 
can), decorin (Logan et al., 1999a). Panspecific antibodies to TGF[3 
also reduce collagen production in injured penpheral nerve (Nath 
et al., 1998). 

Further evidence that TGFp isoforms organize the CNS wounding 
response comes from in vitro work showing that TGFp enhances 
production of extracellular matnx molecules by astrocytes, oligoden- 
drocyte progenitors and fibroblasts (Varga et al., 1987; 
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Baghdassarian-Chalaye et al., 1993; Panders et al., 1993; Smith & 
Hale, 1997; Schnadelbach et al., 1998). For example, in vitro. TGF^ 
enhances production by astrocytes of the chondroitin sulphate 
proteoglycans, neurocan and versican (.Asher et al., 1999. Asher 
et al. 2000k Thus, TGFp is known to enhance production of at least 
two proteoglycans which are abundant at CNS injury sites and which 
may limit spontaneous CNS axon regeneration. 

In this paper we test first whether delivery of a combination of 
antibodies to TGFPi and TGFp2 can reduce injary^evoked gliosis and 
second, whether any reduction of gliosis is accompanied by an 
increase m growth of CNS axons. We have performed these 
expenments in a well-charactenzed model of CNS axotomy designed 
for assessment of axon regeneration, nannely. following unilateral 
transection of the nigrostnatal tract in anaesthetized adult rats 
(Brecknell et al., 1995). We have shown m previous expenments that 
postinjury modifications of the glial scar environment can promote 
CNS xxon regeneration (Moon et al. 2000; Moon et al. 2001). In the 
present expenments, we find that administration of antibodies against 
TGFpi and TGFp2 reduces some aspects of glial scarrmg but does not 
promote significant CNS axon regeneration. 

Materials and methods 
Animal care 

All animals were treated in accordance with the United Kingdom 
Animals (Scientific Procedures) Act 1986 and associated guidelines. 
Animals were housed in groups on a 12-h light : 12-h dark Cycle, 
lights on dunng the day, and were given food and water ad lihitun: as 
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infusions 



Table 1. Treatment groups and numbers of :dis m each 




Fig. I. Parasagittal schematic showing site of transcraniaJ cannulation 
allowing infusion of solutions into site of unilaterally transected nigrostriatal 
tract (scissors). Scale bar, 2 mnn. 



well as playthings to reduce boredonn. Following surgery, animals 
often appeared unkempt due to temporary cessation of grooming and 
wei2ht loss averaged 20% but both these conditions were reversed 
withdn 7-10 days. Animals were handled, inspected and weighed 
daily. Postoperative diet was supplemented with dog food and wet 
mash, and to counteract dehydration animals were given 10 mL 4% 
glucose in 0.18% saline subcuianeously during surgery and thereafter 
as required. Clean cages were used every 2 days. For analgesia, 
animals were given soluble paracetamol (1 mg/mL) m their dn-nking 
water for at least 3 days postoperatively. 

Surgery 

Twenty-seven adult Sprague-Dawley rats, weighing 147-223 g, were 
given unilateral knife cut lesions of the nigrostnatal tract and 
mdwelljng cannulae were implanted so as to allow infusion of 
substance^into the lesion site once daily for 10 days postoperatively 
(Fig. I). 

Rats were anaesthetized using halothane (5%) m earner (oxygen, 
2 Umm) and transferred to a stereotaxic frame (David Kopf 
Instruments, USA) with the incisor bar set 2.3 mm below the 
interaural line. Anaesthesia was maintained thereafter with halothane 
(1.5%-2.0%) in earner (oxygen, 0.6 Umm) with inhalational anal- 
gesic (nitrous oxide, 0.6 L/mm). The preshaved scalp was washed 
with 70% ethanol and painted with antiseptic ointment (Betadine, 
UK) pnor to making a midline incision, retractmg the skin and 
cleanng the periosteum from the cranium. A dental dnll with size 
three dnll bit was used to remove small pieces of skull where 
necessary All stereota^xic coordinates are measured in millimetres 
with antenor and lateral coordinates made relative to bregma and 
vertical coordinates made relative to dura. The nght medial forebrain 
bundle (including the nigrostnatal tract) was transected using an 
extruding wire 'Scouten' knife (David Kopf Instruments. USA; as 
follows. The tip was lowered to A, -3.0; L. +3.0 and V, -8.0 
■ according to the atlas of Paxinos & Watson, 1986) and the wire 
blade was extruded such that it formed a smooth curve in the coronal 
plane reaching medially to the midline and ventrally to the base of the 
brain. The assembly was withdrawn vertically by 4 mm and the blade 
retracted and re-extruded. Finally, the assembly was relowered by 
4 mm, the blade was retracted and the entire assembly was withdrawn 
from the brain. This procedure twice transects the nght nigrostnatal 
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A.xotomy + sham 
.-\xotomy + saline + 
A.xotomy + saline + 


antiTGFPi + antiTGFS: 
IgG4 control antibodies. 
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Axotomy + saline + 
A.\otomy + saline + 
.Axotomy + saline + 


GDNF 

GDNT + antiTGFpi + antiTGF[^ 

bFGF + IL-la + antiTCF^i + antiTGF^^ 
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tract approximately 650 um antenor to the substantia nigra and 4 mm 
postenor to the proximal stnatal border fBrecknell et al., 19^^5). 

Immediately following axotomy, an indwelling cannula was 
secured transcranially to allow admrnistr^tion of substances mto the 
lesion site. Stainless steel tubing (Coopers Needle Works, 
Birmingham, UK) was used to make mdwelling cannulae (length 
7 mm, 23 gauge), infusion cannulae (11 mm, 30 gauge, bent to a 45"^ 
angle, 4 mm from one end) and occlusion stylets (12 mm, 30 gauge 
stainless steel, bent to a 45 degree angle 8 mm from one end). 
Indwelling cannulae were certified free of obstructions pnor to use by 
checking patency with the occlusion stylets. A small hole was dnlled 
to allow placement of the cannula above the lesion site (A, -2.5 and 
L, -2.5). Stainless steel screws (1.6 mm. Semat Technical UK Ltd) 
were inserted into each of three dnll holes placed around the cannula 
site to form an equilateral triangle with sides of three millimetres. A 
5-mm length of 2 mL synnge barrel (Plastipak, Becton Dickinson. 
UK) was placed around the screws and thLTOUgh this the indwelling 
cannulae were stereotactically lowered 3.0 mm below dura such that 
3 0 mm protruded above the 1 mm-thick skull, Quick setting acrylic 
dental cement (Simplex rapid acrylic powder premixed with methyl 
methacrylate. Associated Dental Products Ltd, Swindon, U?:) was 
poured into the synnge barrel and left to dry for at least 8 mins 
thereby firmly secunng the indwelling cannula to the intracranial 
screws. A stylet was inserted into the indwelling cannula to occlude 
the cylinder when not in use Following surgery, the wound was 
closed with absorbable sutures (Vicryl 4/0, Ethicon, UK) and 
antiseptic powder was applied. 

On post-transection days 0-10 inclusive, animals received either 
sham infusions or 3 ^L infusions of vanous combinations of the 
following substances in 0.9% saline (See Table 1 for combinations); 
control antibodies (human IgG4, 750 ^g/mL, Sigma, UK); recombi- 
nant antibodies to TGFp, (anti-TGFp,, 250 ug/mL, Cambridge 
Antibody Technology, Melboum, Cambndge, UK); recombinant 
antibodies to TGFp:, (anti-TGFp.. 500 i^g/mL; Cambndge Antibody 
Technology); recombinant human glial cell line denved neurotrophic 
factor (GDNF. 83 jig/mL, Amgen, USA); recombinant mouse basic 
fibroblast growth factor (bFGF, 20 ng/mL, Boehnnger, UK) and 
recombinant mouse interieukin la (ILla, 4 ng/mL, Genzyme. USA). 
Anti-TGPPi is a fully human, single vanable chain fragment antibody 
while anti-TGFp2 is a fully human, whole IgG4 antibody. The ability 
of these anti-TGFP antibodies to bind and neutralize particular 
isoforms of TGFp have been descnbed previously (Logan et al., 
1994; Logan et al., 1999b). Aliquots of stock solutions were kept 
frozen at -70 °C and thawed to room temperature immediately pnor 
to use. 

Infusion cannulae were made from stainless steel tubing mm, 
30 gauge) bent to a 45° angle, 4 mm from one end, with the short arm 
connected via 30 cm of clear polythene tubmg (0.28 mm irrtemal 
diameter, 0 61 mm external diameter, Portex, UK) to a lO-uL synnge 
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Fig. 2. Immunolabelling using ami-human antibodies 1 1 davs following 
transection, i.e. 1 day following the eleventh infusion of either (A) human 
IgG4 control antibodies or (B) human antibodies against TGFpl and 
TGFp2. Immunolabeiling was presenc within the lesion core and m a 300- 
)im-thick nm surrounding the lesion core, confirming effective penlesional 
delivery of anti-human antibodies. Nigra is to left of each image, stnatum is 
to nght. Scale bar, 1 mm. 

(Hamilton, USA) mounted on a micromanipulator (World Precision 
Instruments, USA). To make each infusion, the stylet was removed 
and the prefilled infusion cannulae was inserted fully, up to the bend, 
through the indwelling cannula such that the ventral tip reached the 
site of transection. Infusions were made at 1 )iL/min, allowing 2 mms 
diffusion time pnor to slow rem.oval of the infusion cannula and 
reocclusion of the indwelling cannula with the stylet. Use of clear 
polythene tubing allowed delivery' of equal volumes of substance to 
be confirmed by eye. 

Histology 

Eleven days post-Lransection, ammals given terminal anaesthesia 
(2 mL/Tcg intraperitoneal, Euthatal, Roche Menaux, France) were 
perfused transcardially using 100 mL phosphate buffered saline (PBS) 
and then 300 mL 4% paraformaldehyde in PBS. Brains were dissected 
out and maintained overnight in the same fixative pnor to immersing in 
cryoprotectant (30% sucrose. 0.1% sodium azide in PBS) until they 
sunk. Ten series of 40 )J.m-thick parasagittal sections were cut on a 
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sledse microtome (Leica, UK) prior to processing vanous series either 
to visualize axons of the dopaminergic nigrostnatal tract or to establish 
the effects of treatments upon vanous non-neuronal ceils or 
extracellular matnx molecules. A standard immunoperoxidase proto- 
col was followed (Moon et al. 2000) using appropriate blocking serum 
(normal goat or donkey, Dako, UK) and the following pnmary 
antibodies, goat anti-human IgG (Fc specific, peroxidase conjugated, 
1 ; 200, Sigma, UK); rabbit antibodies against tyrosine hydroxylase 
(TH, 1 ; 4.000, Jacques Boy Institut, Francej; rabbit antibodies against 
glial fibnllary acidic protein (GFAP, ; : 10.000. Dako, UK); mouse 
monoclonal antibodies against complement receptor 3 (CR3) (clone 
MRCOX42, 1 : 200. Serotec, UK), against NG2 (clone D3 1-10, 1 : 4, 
gift of J. Levine), or mouse monoclonal antibodies CS56 (1 100, 
Sigma, UK). Control immunostaining was pertormed using appropn- 
ate concentrations of mouse IgM (Sigma, UK) or mouse IgGl (Sigma, 
UK) in place of the pnmary antiU>dy. Appropnate biotinylated 
secondary- antibodies were used (horse anti-mouse, rat adsorbed. 
Vector, UK; goat anti-rabbit IgG, Dako. UK; rabbit anti-goat IgG, 
Sigma, UK) in conjunction with a streptavidin/'biotinylated horserad- 
ish peroxidase kii (Dako. UK) with diaminobenzidine as the 
chromagen. Sections were mounted on presubbed (1% gelatin in 
PBS) glass slides, dehydrated in an ascending senes of ethanols, 
cleared in xylene and coverslipped using DPX. 

Analysis 

Optical densitometry was used to assess the extent of gliosis at the 
lesion site, defined by immunoreactiMties for GFAP, NG2, CR3 or 
CS56. High power ( X 100) images of the lesion site were captured 
using a digital camera mounted on a light microscope (Leitz DMRB, 
Leica, UK) coupled to an IBM-compatibie PC running an appropnate 
graphics package (Photoshop, Adobei Images were saved as TIFF 
files without compression and exponed to NTH image (Scion Image, 
release beta 3b, Scion Corp.). Lighting conditions and exposures were 
equal within capture sessions and vanabilities due to regions of 
cavitation associated with near-zero pi\el densities were corrected for 
mathematically. A one millimetre-square field of view including the 
lesion core was analysed. As these results were taken from three 
similar experiments, optical density data were normalized across 
sessions by reassigning the mean of the control IgG4 group from each 
experiment as 100% and scaling other data accordingly. 

Catecholammergic neurons, including dopaminergic neurons of the 
nigrostriatal tract, were visualized by immunostaining using anti- 
bodies against TH. Dopaminergic nigrostnatal axon growth within 
brain parenchyma, antenor to the lesion core, was quantified by 
counting at high magnification ( - 400) the number of TH- 
immunoreactive processes crossing an imaginary line of length 
3000 Jim drawn perpendicular to the course of the ongmal 
nigrostnatal tract and 500 \im antenor to the plane of transection. 
Counts were made in two medial sections from each animal. Group 
differences were assessed using analysis of \anance (.anova) using a 
standard level of significance {P < 0.05). 



Results 

The following terminology will be used: "a-xotomy sham' refers to 
the group of animals that were given unilateral knife cut lesions of the 
nigrostnatal tract with sham infusions; 'axotomy + IgG4' refers to 
the group of animals that were given unilateral knife cut lesions and 
infusions of saline containing control human IgG4 antibodies and 
'axotomy + aniiTGFp' refers to the group of animals that were'given 
unilateral knife cut lesions and infusions of saline containing a 
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corr.r: nation of antibodies to TGFpi and TGFP2. It should be noted 
that for technical reasons, data from groups of animals treated with 
neurotrophins fsee Table 1) were excluded from the analysis of 
gliosis and is only included where the response of dopaminergic 
nigral xxons was examined. Names of these groups have not been 
abbrcMated in the text. 



Gross histological examination indicated a region of tissue 
damage incorporating both the site of axotomy and (except in 
'axotomy + sham' animals) the site of infusion. These regions 
will be referred to collectively as the Mesion core'. In 
'a.xotomy + sham' animals this lesion core extended a mean 
distance of 300 fim anterior to the plane of transection, whereas 
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Fig 
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. NG2-immuno!abelling for stellate adult oligodendrocyte progenitors foilowmg transection and (A-B) sham infusion or treatment with either (C-D) 
:i lgG4 antibodies or (E-F) antibodies against TGFi3l and TGFf32. examined II days postaxotomy. Following transection, relative to sham controls. 
;n of IgG4 control antibodies enhanced abundance of NG2-immunoreactivity. However, relative to IgG4 controls, foilowmg transection and treatment 
:r.:;bodies against TGF[3 1 and TGFp2, NG2-immunoreacti\ ity was attenuated to levels similar to that observed following transection with ,ham infusion. 
' > :o left of each image, striatum is to nght, (A,C and E) Scale bar, 1000 urn (B. D and F) Higher magnification view of rectangular area indicated in 
^nd E). respectively. Scale bar, 250 \Jim. 



in other groups of animals this extended a mean distance ot 
i(XV' jjn antenor to the plane of transection. 

ImrrLnostalning with anti-human antibodies 

Ele'.en days post transection (i.e. I day following the last mfusion). 
to ccnnrm the effective delivery of human control antibodies (IgG4) 
or hu-an antibodies to TGF^pi and TGFp2 in vivo, anti-human 



antibodies were used to immunoperoxidase label one senes ot 
sections. Immunostaining demonstrated the presence of human 
antibodies within the core of lesion and within a 300-p.m-thick rim 
immediately surrounding the lesion core in 'axotomy + IgG4' 
animals or 'axotomy + antiTGFP' animals (Fig. 2). The spatial 
distnbution of control and experimental antibodies appeared similar 
between groups and low magnification optical densitometry revealed 
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Fig. 3 CR3-immunoIabelling for microglia and macrophages following transection and (A-B) sham infusion or treatment with either (C-D) control IgG4 
antr>.^djes or (E-F) antibodies against TGF(3l and TGFp2. examined I 1 days postaxotomy. Following transecLion, relative to sham controls, infusion of IgG4 
conLxl antibodies or antibodies against TGF^l and TGFp2 resulted in enhanced abundance of CR3-immunoreactivity. Nigra is to left of each image, striatum 
is to nsht. (A. C and E) Scale bar, 400 |im (B, D and F) Higher maonitication view of rectangular area indicated m (A. C and E), respectively. Scale bar. 
:00 am. 



no d;:ferences between groups in the abundance of immunoreactivity 
(ts = 0.12, P = 0.91). Thus, both control and expenmental antibodies 
were delivered effectively to the region in which reactive gliosis is 
obsep-ed. 

Astrocyte response 

The istrocytic response was examined using antibodies against 
GF.AP. In all animals, 1 1 days post-transection, GFAP-immunor- 



eactivity was associated with stellate cells throughout the tpsilateral 
hemisphere. In 'axotomy + sham' animals (Fig. 3A' and B) or 
'xxotomy + IgG4' animais (Fig. 3C and D), GFAPMmmunoreactjvity 
was panicularly intense in the lesion surround, walling the lesion core 
off completely with a dense network of cell bodies and hypertrophied 
processes mostly orientated perpendicular to the lesion border 
(Fig. 3E and F). GFAP-immunoreactivity was also present surround- 
mg regions of cavitation. However. GFAP-immunoreacti vity was 
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^^5ent rrom the .'eMon ^ore. The mean ro>trocaudai Ient:th of the 
rtzujn lacking Nignificant numbers of GFAP-imrnunoreactrv e ceils 
li^ 100 am. 




In 'axotomy ^ antiTGF[3" animals, the extent of GFAP-immunor- 
eactivuy was reduced such that fewer astrocyte cell bodies and 
proce:oes were present surrounding the lesion core, paniculariy 
w:thin 250 um of the lesion border iF:g. 3B}. In m.any places, GFAP- 
immunoreactivity did not •wall-off the lesion core and appeared 
loose and discontinuous. 

Analysis of data obtained by low magnification optical densito- 
metry (Fig 7a) revealed a significant difference between groups 
1 ^2,15 = 5. 1 2, P = 0.023) and post hoc compansons demonstrated a 
significant difference between the anti-TGF[3 and IgG4 groups 
flukey test. P < 0.05). This dem.onstrates that infusion of antibodies 
:o TGFPj and TGFP2 (relative to IgG4 control antibodies) results in 
reduced GFAP-immunoreactivity, assessed 11 days following trans- 
ection 

Adult oligodendrocyte precursor response 

The response of adult, stellate oligodendrocyte progenitor cells 
was examined using antibodies against NG2 chondroitin sulphate 
proteoglycan (Nishiyama et al., 1999). In 'axotomy + sham^ 
animals, the lesion core essentially lacked stellate NG2-immunor- 
eactive cells although it contained NG2-immunoreactivity associ- 
ated with blood vessels (Fig, 4A and B). The lesion core and, 
where present, small cavities, were surrounded by large numbers 
of stellate NG2-imrT.unoreactive ceils whose processes ran 
perpendicularly to the iesion border and formed a dense network 
of hypertrophic processes forming a continuous glta limi:ans-hke 
structure, this often bemg less dense caudally. Thus, although 
cells with low NG2-immunoreactivity were present throughout the 
ipsilateral hemisphere, the region containing stellate cells intensely 
immunoreactive for NG2 were confined to within 250 urn of the 
lesion core. 

In 'a^xotomy + IgG4' animals, a similar pattern of NG2-iminunor- 
eactivity was detected (Fig. 4C and D). However, as the conjoined 
site of transection and infusion was larger than following transection 
alone, the total amount of NG2-immunoreactivity was greater in these 
animals. However, in "axotomy + antiTGF|3' animals, the extent of 
NG2Mmmunoreactivity was reduced such that fewer oligodendrocyte 
progenitor cell bodies and processes were present surrounding the 
lesion core, particularly tissue within 250 um of the lesion border 
(Fig. 4E and F). 

These observations were confirmed by analysis of variance of 
data obtained by low magnification optical densitometry (Fig. 7b) 
which indicated a significant difference between groups 
(^:.i5 = 9.91, P = 0.0<D2); post hoc analysis demonstrated a 
significant difference between the anti-TGFP and IgG4 groups 
and between the IgG4 and sham infusion groups (Tukey test, 
P < 0.05), Thus, relative to 'axotomy + sham' controls, while 
repeated penlesional infusion of IgG4 control antibodies enhanced 
NG2 gliosis surrounding the site of axotomy, this was attenuated 
following repeated penlesional infusion ctf antibodies against anti- 
TGFpi and anti-TGFp.. 

Microglial and macrophage response 

Antibodies against complement receptor 3 (CR3, clone MRC-OX42) 
were used to identify microglia and macrophages. Following 



FlG. 6. CS56-immunolabelling for chondroitin juiphate glycosaminoglycans 
followmg transection and (A) sham infusion or treatment wuh either fB) 
conu-ol IgG4 antibodies or (C) antibodies against TGFpl and Tj3FQ2. 
exammed 1 I days postaxotomy. Arrow indicates level of transection, 
arrowhead mdicates lesion surround. Scale bar. 100 urn. 
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- .m^ ! .^r ™ CSo6 Graphs md.cate means and stand^d errors or oceans. Relative lo •axo(omy ^ rgG4' animals, ooch ■axotomv ^ sham 
axo.omy + anliTGF[3 animals showed significantly reduced penlesionai immunoreactivuies for GFAP and XG"^ Relative 
pen.esional immunoreactivuies for CR3 and CS56 were greater in axocomy + [gG4- and 'axotomv + anciTGFS' animals 
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ham' animals. 



crar.section with sham infusion, delicately ramified CR3-immuno- 
reac::ve microgha were visible throughout the ipsilateral hemisphere. 
Sreiiate aineboid CR3-immunoreactive cells were essentially absent 
rrom the lesion core but ameboid CR3-immunoreactive cells were 
present in this region (Fig. 5A and B). However, stellate CR3- 
imrr.unoreactive cells were present within 500 p.m of the lesion 
borcers and, where present, small cavities. However, the density of 
CR3-immunoreactive cell bodies and processes in the lesion surround 
vaned significantly such that, whereas some regions were entirely 
surrounded by CR3-immunoreactivity, other regions contained less 
intense CR3-immunoreactive cell bodies and processes. 

In •axotomy + [gG4' animals, a similar pattern of CR3-immunor- 
eacnvity was detected (Fig. 5C and D). However, as the conjoined 
site or transection and infusion was larger than following transection 
alone, the total amount of CR3-immunoreactivity was greater in these 
animals and extended up to 1000 |im from lesion borders. This was 
also [he case in 'axotomy + antiTGFp' animals (Fig, 5E and F) and 
there were no apparent differences in CR3-immunoreacti vity between 
these two groups. 

These observations were confirmed by analysis of variance of data 
obtained by low magnification optical densitometry (Fig. 7c) indi- 
cated a significant differences between groups (^2.15 = 4 55, 
P = 0.0.32); post hoc analysis demonstrated a significant difference 
between the 'axotomy + sham' and both other groups (Tukey test, 
P < 0,05). There was no difference between the 'axotomy + IgG4' 
and -xxotomy + antiTGFP' groups. 



Table 2. Treatment and numbers of TH-immunoreactr 



Treatment 



Axotomy + sham 

Axotomy + saline + antiTCF'3, 

antiTGFp. 

Axotomy + saline + lgG4 
control antibodies 
Axotomy + saline + GDNF 
Axotomy + saline + GDNF + 
aniiTGFP, + antiTGFp2 
Axotomy + saline + bFGF + IL- 
antiTGFpi + anttTGF[i:> 



N'umber of TH-immunoreacti ve 
axons counted 500 um 
antenor to the site of transectjon 
(mean r SEM) 

14,3 r 6.2 
1'^.6 - 2,S 

I'-?. 5 - 3.9 

I0.7 - 10.4 
12.0 ^ 4,0 



IS.O 



2.1 



CS GAG assessed by immunostaming for CS56 
Chondroitin sulphate glycosaminoglycans (CS GAG) were detected 
by immunostaming using the immunoglobuim-M (IgM) antibody, 
CS56, which recognizes epitopes predominantly present in both 
chondroitin-4 and chondroitin-6 sulphate glycosaminoglycans and to 
a lesser extent in both heparan- (Avnur & Geiger, 1984) and 
dermatan- sulphate glycosaminoglycans (Lips et al.. 1995). Recent 
work suggests that CS56 does not recognize standard 0-, 4- or 6- 
sulphated units which compnse the backbone of chondroitin sulphate 
chains but rather atypical motifs distnbuted nonrandomly within 
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Be S_ Tyrosine hydroxyla^e-immunolabelling for catecholammergi<r neurons including dopaminergic nigral axons 11 days follox.,ng n.grostnaial transecion 
and (A) .ham mfusion or Creatment wuh (B) control IgG4 antibodies (C) GDNF. or antibodies agamst TGFP, and TGFB, either (D alone or (El m 
con.t„nat,on w,th GDNF. or (F) with both bFGF and IL-la. No d.fferences between groups were obs rved in the^'number of TH r ac ,ve r 



processes growing 

^ J- , , ^ . - "^^ ^^""^ obsep/ed. Ni^ra is to left of each imaee striatum rn 

ngnt. Arrow indicates level ot transection, arrowhead indicates level of infusion. Scale bar. 250 ^im. ^ ^^atum i. to 



more than 500 antenor to the plane of transection. Balls of TH-immunoreactive debris 



these chains (Soirell et al., 1993). Control immunostaining using 
moase IgM antibodies was used to determine the level of nonspecific 
immunoreactivity associated with the staining protocol due in part to 
crossreactivity of mouse IgM antibodies with endogenous rat 
antibodies present in the acute lesion environment. 

Examined U days post-transection, diffuse, extracellular CS56~ 
immunoreactivity was present m 'axotomy + sham' animals m a 
lOO-um-thick halo surrounding and within the lesion core 
(Fig. 6A). In contrast, m 'x\otomy + IgG4' (Fig. 6B) and 
'a^xotomy + antiXGFp' animals (Fig. 6C), diffuse, extracellular 
CS:)6-immunoreactivity was present within and up to 20(X) |im 
trom the lesion. CS56-immunoreactivity was absent from the 
lesion core in all animals. 

Analysis of vanance of data obtained by low magnification optical 
densitometry (Fig. 7d) revealed significant differences between 
groups (F,j = 29.8, P = 0.002) and post hoc comparisons (Tukey 
test. P < 0.05) demonstrated significant differences between 'axot- 
omy + sham' and both other groups, indicating that infusion of 
substance enhances abundance of CS GAGs. There were no other 
differences between groups indicating that, relative to IgG4 control 
antibodies, a combination of antibodies to TGFpi and TGFp. did not 
reduce abundance of CS GAGs assessed 1 1 days post-transection. 

Response of dopaminergic nigral axons 

The response of dopaminergic nigrostriatai a.xons was visualized 
. 1 days post-Lransection by immunostaining using antibodies against 
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TH. In 'axotomy + sham' animals, the distal potiion of the 
dopaminergic nigrostriatai tract degenerated with loss of innervation 
of the ipsilaterai stnatum and without spontaneous long distance axon 
regeneration. At this time, TH-immunoreactive debris was scarce. 
TH-immunoreactive fibres were observed sprouting ectopically 
within the lesion core, often being onentated parallel to the plane 
of transection, i.e. perpendicular to the original nigrostriatai tract 
(Fig. 8A). Axons were often fasciculated, TH-immunoreactive nigral 
a.xons were also obser\'ed bordenng small cavities (where present) 
and ventral to brain parenchyma in meninges which had been 
penetrated dunng transection. Axons typically extended rostrally no 
more than 200 |im and did not regenerate beyond the lesion core. 

In all other groups of animals, a similar pattern of axonal growth 
was obser\'ed, whether treated with control IgG4 antibodies (Fig. SB) 
or GDNT (Fig. 8C) or with antibodies against TGFp, and TGFB: 
either alone (Fig. SD) or in combination with GDNF (Fisr. 8E) or 
with both bFGF and IL-Ia (Fig. SFi. Thus, large numbers of TH- 
immunoreactive processes sprouted ectopically withm the lesion, 
often being fasciculated. Many of these axons grew perpendicular to 
the onentation of the onginal nigrostriatai tract (i.e. parallel to the 
plane of transection!. Again. TH-immunoreactive a.xon sprouts did 
not regenerate beyond the lesion core although in all groups, a small 
number of axons extended up to 800 ,u.m within the lesion core 
antenor to the plane of transection. 

Treatment with GDNT or with both bFGF and IL-la (either'alone 
or in combination with antibodies against TGFPi and TGFp.) did not 
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visibly enhance growth of dopaminergic nigral axons antenor to the 
:>ae of iransection. Indeed, when assessed formally, there was no 
dirrerence between groups in the number of dopaminergic nisral 
:Lxons to grow 500 um antenor to the plane of transection (Table 2; 
analysis of variance, /^5.:6 = 0,35. ^ 0,8"). This indicates that, 
assessed 11 days postinjury, relative to IgG4 controls, penlesionai 
admmistration of antibodies against both TGFpj and TGFp^. either 
alone or m combination with GDNF or bFGF with IL-la, did not 
significantly enhance local sprouting of dopaminergic nigral axons 
withm brain parenchyma beyond the lesion core. 



Discussion 

We have shown that, followmg unilateral nigrostnatal transection in 
the -idult rat, treatment with a combination of antibodies to TGFpi 
and TGFp2 reduces (but does not abolish) the response of astrocytes 
and NG2-immunoreactive adult oligodendrocyte progenitor cells, 
although not the response of microglia/macrophages or CS GAG. 
Houever. despite this reduction in gliosis, treatment with a combin- 
ation of antibodies to TGF^i and TGFP2 did not enhance the 
regeneration of cut dopaminergic nigral axons beyond the lesion core; 
in panicular, cut dopammergic nigral axons did not regenerate back 
to their original pnmary target, the ipsilateral stnatum. 

These results are consistent with previous expenments demon- 
sirating that vanous TGFp antagonists modulate aspects of scar 
formation in vivo (Logan et ah. 1994; Nath et al.. 1998; Logan et al., 
1999a; Logan et aJ., 1999b) Our work similarly imphes that TGFfi 
isoforms regulate gliosis associated with both astrocytes and NG2- 
immunoreactive oligodendrocyte progenitors, although further 
expenments are required to determine which, if either, isoform is 
the more important for regulation of the response on NG2 
oligodendrocyte progenitor cells. The present failure to detect any 
effect upon microglia/macrophages of the combination of antibodies 
against TGFpj and P2 may reflect a cancelling out of activity by the 
two isoforms as. when administered alone following cortical injury in 
adult rats, whereas TGFP2 reduces the microglial/macrophage 
response (Logan et ah, 1999b), TGFpi increases it (Logan et al.. 
1994). Arguing against this possibility, however, is the observation 
that administration of the pan-TGpp antagonist, deconn, reduces the 
microglia/macrophage response following cortical injury (Logan 
et al.. :999a). 

We hypothesized that the reduction in gliosis might have been only 
partial because of the route of administration of antibodies, viz., by 
repeated penlesionai infusion, as the gliotic response to injury was 
potentiated by each intraparenchymal injection To test this hypoth- 
esis, an additional expenment was performed (data not shown). Adult 
rats were given unilateral mechanical nigrostnatal lesions and 
transcranial cannulae were implanted transcranially allowing re- 
peated intraventncular infusion of vehicle containing either IgG4 
(n = 6) or the combination of antibodies against TGFpi and TGFP^ 
(n = 4) However, no differences were found between groups in any 
measure of scar formation, nor in growth of axons beyond the plane 
of transection; these results likely reflect poor diffusion of adequate 
concentrations of antibodies from the ventncles to the site of 
transection (which breached the CNS-CSF bamer). Indeed, the 
control and expenmental human antibodies were not detectable at the 
transection site by immunoperoxidase-labelling using anti-human 
antibodies. This study suggests that the intraventncular route may not 
be an effective route for delivery of these antibodies into distal lesion 
sites and leaves unresolved the question as to whether an alternative 



method of delivery of antagoni as to TGFP might re>Lit :n a more 
pronounced reduction in gliosis. 

Our results regarding the failure of cut dopaminergic nigral axons 
to grow through the region of reduced scar formation are consistent 
with unpublished data cited previously (Logan et al.. 1994). Tnis 
work suggested that attenuation of scar formation mediated by 
antibodies against TGFp, occurs without concomitant increases m 
local sprouting or long distance axon regeneration 10 days following 
cortical stab injury in adult rats, as assessed by immunostaining for 
neurorilament or growth associated protein-43. It should be noted that 
in our study, effective delivery of human antibodies was conhrmed by 
immunolabelling tissue (using anti-human secondary antibodies) 
1 day following the last infusion of control and expenmental 
antibodies. Our failure to detect an effect upon xxons is, therefore, 
not a consequence of failed delivery. Successful deliver>' of 
antibodies is. of course, also confirmed by the effects upon eliosis 
that we have descnbed. 

The failure of cut dopaminergic nigral axons to grow throush the 
region of reduced scar formation is probably due to the reduction :n 
scar formation being partial rather than complete; complete abolition 
of scar formation may. thus, be required to induce substantial long 
distance CNS axon regeneration. In panicular, we obser\ed no 
signihcant reduction in penlesionai abundance of CS GAGs, 
(assessed by immunolabelling using CS56 antibodies) that are 
known to limit growth in vitro and in vivo. Thus, anti-TGFp- 
mediaied down-regulation of astrocytosis (assessed using GF.^P- 
immunolabelling) may not be sufficient to down-regulate levels of CS 
GAGs. Possible explanations include (i) independent regulation of 
CS GAGs and GFAP by astrocytes and (ii) continued synthesis of CS 
GAGs by other cell types (including NG2-immunoreactive cells). It is 
also possible that changes did occur in CS GAGs other than those 
recognized by the CS-56 antibody; at present it is not clear which 
CSPGs this antibody recognizes. These results emphasize that 
although GFAP is a good marker for astrocyte reactions to lesions, 
other markers for gliosis provide important additional information 
(e.g. by immunolabelling for NG2-immunoreactive cells or for CS 
GAGs). 

In some cases, additional potential regeneration-enhancing mol- 
ecules were delivered together with the antibodies against TGFP, and 
TGFP2: glial cell line denved neurotrophic factor (GDNF) or the 
combination of basic fibroblast growth factor (bFGF) with inter- 
leukin-la (IL-la). These factors and their doses were selected on the 
basis of previous work conducted in laboratones including our own. 
First, GDNF enhances outgrowth of axons from dopaminergic nigral 
neurons m vitro and in vivo (Sinclair et at., 1996; Wilby et al.. 1999). 
Second, a combination of bFGF and IL-la makes three dimensional 
cultures of astrocytes more pennissive for ingrowth of neuntes from 
neonatal rat dorsal root ganglion neurons (Fok-Seang et al., 1998). 
Further, as this effect can be blocked by TGFp, one would predict 
that the combination of antibodies to TGFpi and TGFp-i with bFGF 
and IL-la might further enhance neunte penetration of regions of 
scar formation. However, disappointingly, repeated intraparenchymal 
administration of these factors, either alone or in combination with 
antibodies to TGFp, and TGFp.. did not significantly enhance 
dopammergic nigrostnatal axon growth through or beyond the lesion 
core. A failure to detect any growth may relate to the rather small 
numbers of animals used and additional expenments would be 
required to evaluate the significance of this negative result more 
ngorously. Nevertheless, in this small study, efforts to boost xxon 
regeneration through the partially attenuated scar followmg admin- 
istration of neurotrophins were not successful. 
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In conclusion, in vivo administration of antibodies against TGFpi 
and TGFp: significantly reduce gliosis induced by nigrostnatal 
transection in the adult rat. However, this partial reduction is not 
accon-.panied by any change in growth of cut dopaminergic nis^ral 
axons. In the future it will be important to evaluate alternative 
methods of delivery of these antibodies to achieve a more complete 
reduction in eiiosis. 
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